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‘This invention relates to engine fuel control systems
and particularly fo such a coairol system for an engine
connected to drive a variable power-consuming device,
comprising signal means to produce an electric control
signal as a function of engine speed, speed sefting and
changes in speed sefting and flow control means respon-
sive to the eleciric control signal to control the magnitude
and rate of change of flow of fuel supplied to the engine.
such a system is described in the specification of my
co-pending patent application Serial No. 42,585, now
U.S. Patent No. 3,151,450. |

According to the present invention in such a control
system, there is power consumption setting means to vary
the setiing of the power consumption of the device and
means to modify the electric control signal by an amount
which is a function of the rate of change of the power
consumption setting.

Preferably the power consumption setting means is
controlled by a manually operable member, which is
convenienily anguiarly movable.

The manually operable member may be connectied to
control the output of an energised circuit the output of
which is capacitatively coupled to the signal means.

In the case of an engine control system whose power
speed graph has a droop characteristic, the electric con-
trol signal is also mcdified by an amount which is a
funciion of the change of the power consumption setting.

In this case, the cutput of the energised circuit may

be resistively coupled to the signal means.

Conveniently, the output is connected through a capac-
itor, shunted by a resistor, to a control winding of a
magnetic amplifier of the governor circuit.

In order that the invention may be more clearly under-
stood, an embodiment thereof is hereinafter particularly
described, with reference to the accompanying drawing
which is a schematic diagram of a rotor-driving engine
conirol system according to the invention,

A gas turbine engine E baving a free turbine FT and
a compressor turbine CT is supplied with fuel throusgh a
pipe F under the control of a valve V having a by-pass
oleed passage B. The valve V is conirolled by a two-
phase actuator motor M which drives a tacho-generator
MG which provides an output signal to a computer C,
which is a function of the rate of operation of the motor
M. The motor M is mechanically linked to a rotary
inductive pick-off MP and a further similar pick-off LP
is mechanically coupled to the pilot’s speed lever SL, the
computer C deriving from the pick-offs MP and LP a
signal which is a function of the relative angular dis-
placements of the valve V and the pilot’s speed lever SL.
A thermocouple TC is exposad to inter-turbine fempera-
ture and supplies the computer C with a signal which
is a function of such temperature. The free turbine FT

drives a tacho-generator TG which supplies the com-

puier C with a signal which is a function of the free
turbine speed. The compressor turbine CT, drives 2
tacho-generator CG which supplies the computer C with
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a signal which is a function of the compressor turbine

speed. The computer C operates on the input signals

thereto to produce an output signal which controls the

motor M and hence the fuel supply to the engine E.
such a system is described and claimed in the speci-
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iication of my co-pending patent application Serial No.
42,585, and the engine E is connected to drive the blade-
carrying rotor R of a helicopter. The rotor is a power-
consuming device and the pitch of its blades RR can be
varied collectively by means of an actuator A controlled
by a pilot’s collective pitch change lever CL. A varia-
ton in the collective pitch of the blades causes a variation
in the power consumption. |

Accordingly when the lever CL is moved to change
collectively the pitch of the blades RB, the speed of the
free turbine £T is changed, increasing or decreasing as the
power consumption decreases or increases. There is a
siight delay in such speed change due to the inertia of the
system and there is a further slight delay in the com-
puter C before the output sienal to the motor M is
changed. There is then a still further slight delay until
the fuel flow is changed and the correct turbine speed
again achieved, | |

In order to overcome the difficulties which arise from
these delays, the system according to the present invention
includes means for modifying the electric control signal
applied to the motor M by an amount which is a func-
tion of the rate of change of setting of the lever CL.

For this purpocse, the lever CL is connected to a
rotor 28 of a variable inductance pick-off 22. The pick-
off 22 has salient poles at right angles on which are
wound two coils 24 and 26, which act as inductively.
coupled inductors whose mutual inductance is controlled
by the angular position of the rotor 20. The inductor
coil 24 i1s fed with alternating current and the output of
the inductor coil 26 is fed to a bridge rectifier 28. A
smoothing capacitor 39 is connected across the output
of the rectifier 28, which is fed to a potential divider 32.
A tapping is taken from the divider 32 through a recti-
fier 34, shunted by a resistor 36, and a capacitor 38
to a confrol winding 490 in a magnetic amplifier in the
governor circuit of the computer C. An 1mmput signal to
the control winding 48 upsets the balance of the governor.
circuit so that the latter produces an output signal to
the fuei throttle control circuit to energise the motor M
to control the valve V and alter the fuel flow. |

In operation, signals indicative of the parameters of
operation of the engine E are received by the computer C
and a control signal is derived and used to operate the
motor M to vary the fuel flow until stable conditions are
reached and there is no control signal from the com-
puter C. If then the pilot’s collective pitch change lever
CL is angulariy moved to change the pitch for the
blades RB of the helicopter rotor R, the actuator A is
operated to move the blades RB to the selected pitch
and the rotor 28 is angularly moved in the pick-off 22.
This results in a change of signal from coil 26, rectifier
2o and potential divider 32 and this signal is differen-
tiated by the capacitor 38 so that the resultant signal
in the control winding is a rate signal which is a func-
tion of the angular velocity or rate of change of angular
posttion of the lever CL. The signal in the control wind-
ing 40 results in an increase or decrease in fuel flow
depending on whether the power consumption has been
Increased or decreased by the pitch change.. The signal
from the potential divider passes through the rectifier 24
if an increase of fuel flow is required as the rectifier 34
presents a low impedance to such a signal, but passes
through the resistor 36 if a decrease is required as, in
this case, the rectifier 34 presents a high impedance to

~ the signal.

This anticipates any change of fuel flow called for by
the computer C due to a change of speed of the engine
and assists in maintaining the speed of the engine particti-
larly when a quick change of pitch is called for. The
shunted rectifier 34 ensures a full response if the engine
speed 1s tending to fall and a lesser response if the engine



" ently of engine speed and- selected engine speed, in
. sense . fo antlctpate variations in engrne speed resultlng )
. from variations.in the power. consu*npnon of said device.:

2. A fuel control system as claimed in claim 1, whereln L o
» drrve a variable load, said system comprising speed setting

means for selectrng engine speed, signal means operable

. fo produce an electric control signal as a function of actual

~ engine speed and of the selected engine speed and of
. .changes in the selected engine speed fuel flow control -

speed is tendlng to rise, os it is of greatcr nnportence notf
to let the engine speed fall below datom than to r1se-

~slightly above datum in such conditions.

o 3;180,4_25;

The signal from the coil 26 is of such. strength that'

* losses in the rectlﬁer 28 are neghruble in proportion, and
- the potentlal divider 32 is used to prowde a 31gnal of‘_-:

the required level. -

In some rotor-drmng engrne control systems 1f power |

s plotted against engine speed, there is found to be a
10

, the arrangement described above may be modified by -

- speed droop, possibly of as much as 4%. In such a sys-

~'tem

N rnenlber is connected to vory the m
- the inductors.” o

R

u't'ual’- inductance of

7. A fuel control system as clzumed in clut

8. A fnel control system as clanned in clonn 6, whercm'"

- the output of the brldge rectifier is- connected through a

B fixed potential divider to the capacitor.

! add1ng a resistor 42 (shown dotted) across the capacitor

38. By this means there is added to the control winding

- 490 a proportional term signal which is a function of the
15

position of the lever CL. By suitable choice of com-

‘ponents, this signal can be nlade to oﬁset th.e droop in the_ -

o systern referred to above.

- It will be appreciated thotl the rote terrn swnal rnay be': |

'Ifed into any - conventent part of the magnetic ernphﬁer
governor circuit. Thus it may be taken to a pair of con-
- trol windings in a pair of matched magnetlc amplifiers.

It may also be derived in other ways than by the use of
The -

a variable mutual inductance circuit and capacitor.

PI'OPDI'EGIIHI term signal need not be fed lnto the sarne-
| S o
" One example of an alternative to the vsrro.ble rnutuo.l -

| control winding-as the rate term signal..

: 1nductonce circuit is a- variable potential divider.

In this case, the lever CL would be coupled to en' arm .-

- carrying a movable contact riding on the surface of an
86

~annular coil across which a D.C. potential is applied and
- which constitutes the variable potential divider. - The con-
- tact would be capacltatwely coupled through a copacltor

'to the control winding 40 in the magnetlc amplrﬁer n the.

governot circuit of the computer C
- Iclaim:

. ‘ing a compressor turbine and a. free turbine and con- -
- nected to drive the blade carrying rotor of a helicopter
con'rpr151n'Elr a valve for. controlhng the flow of fuel to the

- amplifier in said signal means.

9. ‘A fuel control system as claimed in clann 6, whereln :
ssrd output is resistively coupled to the signal means. |
10. A fuel control system as claimed in claim 9, wherem._-

said output is connected through-a capacitor, shunted by
~ a resistor, to a control Windlnﬂ of a rnagnettc amplifier
i1n said signal means. | - - |

~11. A fuel control s?stern -ns clanned in clann 5, wherem |

f-s:nd output is resistively coupled to the s1gnal means.

12, A fuel control system as - claimed in claim- - ll

“wherein said . output is connected through a capacitor,

shunted by a resistor, to a con rol w1nd1ng of a magnettc -

~ 13. A fuel conirol system for a gas turblne engrne hav-

engine, an. octuator for varying the setting of said vnlve,

speed setting means for selecting the engine speed, first
- means associated with said speed setting means to derive .
< afirst signal representing the selected engine speed, second' o

' means associated with said actuator motor to derive a

‘second signal representing the angular position  of said

- actuator motor and hence the setting of said valve, third

means associated ‘with said actuator motor to derive a -
. third s1gnal representlng the rate’ of operation of said
“motor and hence the rate of change of the setting of said
vaive, fourth means asscciated with said compressor tur- -

. bine .to derive a fourth signal representing . the speed of
rotation of said COMpressor turbine, fifth means associated
~with said free turbine to derive a fifth signal representing

- 1. A fuel control system for an engrne connected fo -
 drive a variable power consuming device comprising speed

- setting means for selecting engine speed, signal means

".'-'operuble to produce an electric control srgnal as a func--

tion ‘of engine peed the selected: engine speed. and

:.cho.nﬂes n selected engine speed, fuel flow .control means

" responsive to said electric control signal to control the

* magnitude and rate of change of magnitude of fuel flow
" to said engine, a: manually operable member adjustable
1o vary the power consumption of said device 1ndepend—-
 ently of speed setting means. and means: responsive to -
- adjustment of said manually operable member to modify -
~said electric control signal as a function of the rate of

manually opernble member, 1ndepend-

" adjustment of said 1

the manually operable member'is angurorly movable
'3, A fuel control system as claimed in claim 2, wherein

| the ‘manually operable member is connected to control

 the output from  a circuit energised from a source of

electric power, the output belng copactfatwely coupled to
- the signal means. - .

4, A fuel control system as- clalmed in clern 3 w11e1e1n_

g saud circuit - includes two inductively - couplcd inductors,

'__';--rnductors P ) R
5. Afuel control Systcm as clan:ned in claim 1 wherein

the

40

| responsive to.said first, second, third, fourth, fi

the” speed of. rotauon of said free turbisie, temperature -
responsive means associated Wlth said engine to derive 2 .
“sixth signal representing engine ‘temperature, signal means

'th and

- sixth signals to derlve an. electrlc control signal as @ func-

50

f‘oon of said first,  second, tlnrd fonrth fifth ‘and sixth

45 o
- said speed settlng means to. vary the pltch of said blades

' and means responsive to any change in the pltCh of said -

s1g*1u1s, a member manually operable 1ndependently of

_' _._'-'_;bludes to rnodlfy said electric control signal as a funiction
- .of such pitch change independently of said first, second,
‘third, fourth, fifth and sixth signals in the sense-{o. antici-

. pate change in any one of said first, second, third, fourth,
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fifth and sixth signals resulti 1ng from said pitch change

14, A fuel control system- for an englne connected to .

means résponsive to'said electric control signal to comntrol

the magnitude and the rate of change of rnngnltude of the o

. fuel flow to said -engine, load-varying means adjustable

- the ‘manually Operable mernbe1 1s connected to control
. the ~output from a circuit ener g1sed from a source of

- electric power, the output bemg cepscrtatwely counled to

: 'the s1gnal means. ~ | e
6. A fuel control systen as clanned in clonn 5 Wheretn

- sald circuit includes  two. 1nduct1vely coupled inductors,

~ one of which is energ1sed from a source of alternating
. 'current and a bndﬂe rectlﬁer, und the manually opereble

70

one of which is energised from a source of alternating - " independently of said speed setting means to vary the

" current, and-a ‘bridge rectifier, and the rnonually operable

 member is connected to vary the rnutuol 1nductance of the - said load-varying means and responsive to adjustment of -

65 -
~ signal as a function of load variation resulting from ad-

magnitude of said load, ‘modifying rneans associated with'
said load-varying-means ‘to modify said electric control

justment of said’ loed-varymg means 1ndependently of

said actual engine speed and said selected engine speed n
“the sense to anticipate VB.I'IEIHOHS in. said "actual engine
'speed resulting from variations in said load, said modifying

- _means including a member displaceable by said load-vary— o
- ing means, an alternatrng-current source, an electric cir- -

cuit including two inductively coupled inductors of which

"'5

~inductors one 18 energised from said source and the other

is dlsplaceable Wlth said dlsplaceable mernber to vary the -

) 6, wherein
“the output of the bridge rectifier is connected through a
-shunied rectifier to the capacitor. = -
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mutual inductance of said inductors as a function of the
displacement of said displaceable member, said circuit
also including a bridge rectifier to derive a rectified out-
put, and said circuit also including a parallel combination
of a rectifier and a resistor both arranged to supply said
rectified output to said signal means. |

15. A fuel control system for an engine connected to
drive a'variable load, said system comprising speed setting

means for selecting engine speed, signal means operable to

produce an electric control signal as a function of actual
engine-speed and of the selected engine spead and of
changes in the selected engine speed, fuel flow control
means responsive to said electric control signal to control
the magnitude and the rate of change of magmtude of the
fuel flow to said engine, load-varying means adjustable
independently of said speed setting means to vary the
magnitude of said load, modifying means associated with
said load-varying means and responsive to adjustment of
sald load-varying means to modify said electric control
signal as a function of load variation resulting from
ad]ustment of said load-varying means mdepandentiy of
sald actual engine speed and said selected engine speed in
the sense to anticipate variations in said actual engine

speed resulting from variations in said load, said modify-

ing means including a member displaceable by said load-
varying means, a source of electric power, an electric
circuit supplied with power from said source, means for
controlling the output of said circuit as a function of the

@

 means, said circuit means including a capacitor to derive .

a modifying signal as a function of the rate of displace-'
ment of said displaceable member.

- 16. A fuel control system according to claim 15 in-

cluding a resistor connected across said capacitor to
‘derive a modifying signal which has a

- portional to the magnitude of displacement of the dis-

2()
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displacement of said displaceable member, and circuit

means for applying said controlled output to said signal

30

placeable member and a component which is a function
of the rate of displacement of the displaceable member.

17. A fuel control system according to claim 15
wherein said signal means includes a magnetic a.mplmer

“having a conirol winding and said mod1fy111g mgnal i8

applied to said control wmdmg
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